Abstract. FeNi films were deposited by DC magnetron sputtering at different Ar pressures. The structure and magnetic properties of the FeNi films are affected by the Ar pressure. Ferromagnetic resonance (FMR) measurements were done at a frequency of about 8.85 GHz. Both the value of resonance field and resonance line width show strong dependence on the Ar pressure: the lowest value of the resonance field and the narrowest resonance width correspond to the smallest argon pressure. Increase of the Ar pressure causes the films to have a significant perpendicular anisotropy with the easy axis pointing out of the plane. The magnetic properties and FMR were also studied for the [FeNi(170 nm)/Ti] n /FeNi(170 nm) (n = 1, 2, 5) structures prepared at the smallest Ar pressure. The FMR studies showed that the obtained multilayers are very robust: the value of the resonance field and resonance line width of the [FeNi/Ti] n /FeNi multilayers are very close to the corresponding values for the FeNi films.
Introduction
Modern fabrication technologies result in the appearance of many nanostructured materials which require precise characterization. Among other types of magnetic nanostructures one can mention thin films and multilayers as the materials especially attractive for electronic and biomedical applications [1] [2] . FeNi thin films and multilayered structures are materials for high frequency devices, like inductors or the magnetoimpedance-effect (MI)-based magnetic-field sensors [2] [3] [4] . A relatively high thickness of the soft magnetic films of the order of microns is required for the high MI values [5] . On the other hand, an increase in the thickness of a permalloy film above the critical value L c ~ K ⊥ -0.5 , where K ⊥ is the perpendicular magnetic anisotropy constant, results in an increase in coercivity [6] [7] . In this work we study magnetic properties and microwave absorption of a series of thin permalloy films and [FeNi(170 nm)/Ti] n /FeNi(170 nm) (n = 1, 2, 5) multilayered structures prepared by the dc magnetron sputtering at different values of argon pressure, aiming to obtain the magnetically soft thick ferromagnet.
Experimental
As the first step the FeNi thin films were deposited by the DC magnetron sputtering onto the glass substrates at room temperature using a Fe 20 Ni 80 target. A dc "in plane" magnetic field of 250 Oe was applied during the deposition in order to induce an uniaxial magnetic anisotropy. The background pressure was 3 × 10 -7 mbar. Three series of samples were prepared at different argon pressures: P1 series at 3.8× 10 -3 , P2 series at 8.3 × 10 -3 , and P3 series at 2.4 × 10 -2 mbar (Table 1 ). The thicknesses of the films were in the range of 20 nm to 300 nm. As the second step, FeNi/Ti/FeNi trilayers were prepared with a thickness of the Ti layer varying from 2 to 20 nm in order to determine an optimum thickness of the Ti spacer, taking into account the coercive force, H c , value. Finally, the [FeNi(170 nm)/Ti] n /FeNi(170 nm) (n = 2, 5) multilayers were prepared at the P1 pressure, which allowed us to obtain the samples with the best magnetic softness. The hysteresis loops were measured by a vibrating sample magnetometer, VSM, in the film plane in the longitudinal direction, i.e. parallel to the direction of the application of magnetic field during the sample deposition, transverse and perpendicular to the sample plane. The values of H c , saturation magnetization, M s , and the constant of perpendicular magnetic anisotropy were determined from the hysteresis loops. The static magnetizations determined by VSM for thin FeNi films were in a reasonable agreement with the common value for the bulk permalloy alloys.
The microwave studies of all types of the samples were done by a cavity-perturbation technique with a conventional homodyne detection with a half-wavelength rectangular cavity. The external magnetic field H was rotated in plane perpendicular to the plane of the sample. For the "in plane" configuration, the resonance field H res = H ‫||‬ and for the "out of plane" configuration, H res = H ⊥ [8] . The ferromagnetic resonance (FMR) measurements, i.e. resonant absorption of microwave radiation in a magnetic material, were done at room temperature for the resonance frequency, f, of about 8.85 GHz. In all cases, only one resonance line was observed. A half power width, ∆H, was determined from the microwave absorption measurement for each sample. 
Results and Discussion
It was found that the magnetic properties and microwave absorption of the FeNi films are affected by the Ar pressure in chamber. Fig. 1 shows the FMR spectra of the thin films and multilayers prepared at different Ar pressures. Both the value of the resonance field and resonance line width show a strong dependence on the argon pressure: the lowest value of the resonance field and the narrowest resonance width of about 70 Oe correspond to P1 pressure. The values of the effective magnetization 4πM eff were calculated in accordance with the familiar formulas:
where ω= 2πf, γ is the gyromagnetic ratio and g = 2.12. Equations (1a, 1b) can be used to determine 4πM eff and thereby obtain the angular dependence of the FMR field (Fig.1) . The values of the effective magnetization 4πM eff calculated in accordance with familiar formula using the values Fig. 1 . FMR at f ≈ 8.85 GHz as a function of the field applied in the plane of about 300 nm thick thin films prepared at different Ar pressures (a-c). Angular dependence of the resonance field in the S1 and S8 films. The full line was obtained using the method described in Ref. [9] with the parameter values given in Table 1 . ) resonance fields are close to the 4πM eff ≈ 9.9 kG which is just about the value of the saturation magnetization obtained from VSM. For the high Ar pressure the observed effective magnetization values of 4πM eff ≈ 5.5 kOe can be understood, if one takes into account the perpendicular magnetic anisotropy field obtained from the VSM measurements. For all Ar pressures, at the critical thickness of the film L c , the transition into the "transcritical" state [6] [7] and the increase of the coercivity occurred (Fig. 2a) . Indeed, an increase of the Ar pressure during the deposition results in growth of the films with the significant perpendicular anisotropy and, therefore, the transition into the "transcritical" state takes place at lower thicknesses.
The angular dependences of the resonance fields were measured in all cases. It was established (see selected examples of the experimental data and a fit in Fig. 1 (d) ) that the magnetization of the samples was uniform with the strain induced anisotropy field having a symmetry axis along the normal to the film. It is worth mentioning that even for the S8 multilayer with the highest H c values a very good agreement between the calculated and experimental angular dependences was obtained. This work was supported in part by Spanish MEC under Project MAT2008-06542-C02-02_MAT and by the Physics Department of the University of Maryland.
